ABSTRACT
INTRODUCTION

1
Crude oil is one of the most important strategic resources all over the world. With the 2 economic globalization and the complicated international situation, crude oil is 3 playing and surely will play a vital role in the process of modern industry and modern 4 civilization to any country and region. However, unbalanced demand and production 5 of crude oil results in global trade movements, and those movements lead to large 6 amount of import and export activities. According to International Energy Agency 7 (IEA, 2009), global oil supply is 70.5 million barrels per day in 2008. For the oil 8 production market, OPEC market share rate is more than 40%. It means that about 30 9 million barrels of crude oil is transported from Middle East to other countries every 10 day, and crude oil transportation is of great importance. 11 Marine transport is the primary means of the crude oil transportation, which 12 accounts for 80% of the total. As a high-risk mode of transport, different kinds of 13 safety risks are existed during marine crude oil transportation, e.g., pirates, collisions 14 between ships and other unforeseen accidents. The globalization of the shipping 15 industry makes it difficult to establish safety incentive programmes which would lead 16 to the reduction of the frequency of shipping accidents (Wilde, 1998) . Some policies 17 are adopted in specific areas to promote the safety, but they are not effectively reward 18 ships with a lower ratio of accidents (Baniela, 2011) . The total number of casualties, To improve the safety situation of marine transportation, especially for the 22 crude oil transportation, one strategy would be to ensure continual improvement of 23 safety management systems (SMS) of marine crude oil transportation. SMS is defined 24 as an interdependent set of preventive measures, which is targeted at maintaining and 25 improving safety performance of an organization (BSI, 1996) . Figure 1 shows maker to response quickly (Rainer, 2010 proposed methods are applied and tested. However, concepts very often contain some vagueness that does not allow 4 dividing elements in such a sharp way between two groups in the natural language, 5 members and non-members. This vagueness could mathematically be represented by 6 allowing the characteristic function to assume all values between 0 and 1, so 7 expressing different grades of membership of each element X x  in A . 8 Apart from the membership function, a fuzzy set can also be fully and 9 uniquely represented by its  -cuts. Given a fuzzy set defined on X , an  -cut is 10 the crisp set that contains all the elements of X whose membership grades in A
11
are greater than or equal to the specified value of  .
12
Fuzzy arithmetic consists of performing arithmetic operations on fuzzy to score the weather and pirates condition (out of 10). It is assumed that the score of 4 weather is 3, and the score of pirates is 8. As the rules illustrated in Figure 3 , the 5 output is 6.39, which represents the risk level is medium. 
The Advantage of the Model
10
The application of fuzzy logic is appropriate for risk assessment. However, traditional 11 fuzzy logic is short-term, and it is not suitable for a long-term safety monitoring. Table 4 and Table 5 show the relationship between the reality probability and the 
